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2所建立的SBSE-CE/LD-IC/CD方法对Mg +和Ca2+离子线性范围为 1.0~200.0 μg/L，






唑（TNZ）的萃取条件，在 佳萃取条件下实现了 SBSE 对硝基咪唑类物质的有
效萃取，所建立的 SBSE-MADB/LD-HPLC/DAD 方法具有操作简便、灵敏度高
和环境友好等特点，对 MTZ 和 RNZ 线性范围为 5.0~200.0 μg/kg，对 DMZ 和 TNZ
线性范围为 2.0~200.0 μg/kg，LODs 在 0.47~1.52 μg/kg 之间，LOQs 在 1.54~5.00 



















Traditional sample preparation technologies for inorganic ions include solid phase 
extraction (SPE) and membrane extraction (ME). Sometimes it is inconvenient for 
SPE because more steps are involved in the extraction and pre-concentration. Single 
use and low extractive capacity limit the application of ME. Stir bar sorptive 
extraction (SBSE) based on solid-phase microextraction (SPME), is a novel sample 
preparation technique which integrates sampling, extraction, purification and 
enrichment into a signal step. In the past few years, SBSE has been developed rapidly 
and successfully applied to the trace analysis of variedly organic analytes in 
environmental, food and biological samples. However, little work has been carried out 
on the SBSE extraction of ionic species. Using SBSE to extract inorganic ions is 
worth being studied in order to supply a simple sample preparation for ions and also 
expand the application field of SBSE. 
Monolithic material is a novel separation media. It possesses many advantages 
such as simple preparation, good permeability and high sample capacity. Based on the 
advantages of monolithic material, new ion-exchange SBSE coatings based on 
monoliths were synthesized in this research. The method combining SBSE and liquid 
desorption, followed by ion chromatography with electric conductivity detector 
(SBSE-LD-IC/CD) for the direct analysis of inorganic anions in drinking water and 
soluble inorganic cations in milk were developed. Another method combining SBSE 
and liquid desorption, followed by high performance liquid chromatography with 
diode array detector (SBSE-LD-HPLC/DAD) for the direct analysis of 
nitroimidazoles in honey samples was also developed. The main contents and results 
of this research are as followings: 
(1) Anionic exchange stir bar sorptive extraction coating based on poly 
(2-(methacryloyloxy)ethyltrimethylammonium chloride-divinylbenzene) monolithic 
material (SBSE-AE) was prepared by in-situ polymerization. The effect of preparation 















the extraction efficiencies were investigated in detail. The monolithic material was 
characterized by elemental analysis, scanning electron microscopy and infrared 




were optimized. Then, a SBSE-AE/LD-IC/CD method for the direct analysis of 
inorganic anions in drinking water was developed. The method showed simplicity, 
high sensitivity, low cost and good stability for the extraction inorganic anions. The 
linearity ranges of the method for NO3
- and SO4
2- were 5.0~150.0 μg/L, for Br- and 
PO4
3- were 10.0~150.0 μg/L. The ranges of LODs and LOQs were 0.92~2.80 μg/L 
and 3.03~9.25 μg/L, respectively. Finally, the proposed method was successfully used 
to detect two different trademarks of commercial pure water with acceptable 
recoveries in the range of 70.0 to 92.6%. 
(2) Using acrylic acid as monomer, cationic exchange stir bar sorptive extraction 
coating based on poly (acrylic acid-ethylene dimethacrylate) monolithic material 
(SBSE-CE) was prepared by in-situ polymerization. The effect of preparation 
conditions such as ratio of functional monomer to cross-linker, content of porogen on 
the extraction efficiencies were investigated in detail. Elemental analysis, scanning 
electron microscopy and infrared spectroscopy were used to characterize the 
monolithic material. The SBSE-CE extraction conditions for K+、Mg2+ and Ca2+ were 
optimized. Then, a SBSE-CE/LD-IC/CD method for the analysis of soluble inorganic 
cations in milk was developed. Under the optimum conditions, the method showed 
simplicity, high sensitivity, low cost and good stability for the extraction inorganic 
cations. The linearity ranges of the method for Mg2+ and Ca2+ were 1.0~200.0 μg/L, 
for K+ was 1.0~150.0 μg/L. The ranges of LODs and LOQs were 0.12~0.28 μg/L and 
0.40~0.92 μg/L, respectively. Finally, the proposed method was successfully used to 
detect three different trademarks of commercial milk samples with recoveries in the 
range of 71.1% to 102.8%. 
(3) Poly (methacrylic acid-3-sulfopropyl ester potassium salt-divinylbenzene) 
mixed-mode monolith was used as stir bar sorptive extraction coating (SBSE-MADB) 
to analysis nitroimidazoles in honey samples. The SBSE-MADB extraction conditions 
















(TNZ) were optimized in detail. Based on optimum extraction conditions, 
SBSE-MADB/LD-HPLC/DAD separation system for the effective analysis of 
nitroimidazoles in honey samples was developed. The linearity ranges of the method 
for MTZ and RNZ were 5.0~200.0 μg/kg, for DMZ and TNZ were 2.0~200.0 μg/kg. 
The ranges of LODs and LOQs were 0.47~1.52 μg/kg and 1.54~5.00 μg/kg, 
respectively. Finally, the developed method was successfully applied to the 
determination of nitroimidazoles in different honey samples and recoveries of spiked 
target compounds were in the range of 71.1 to 114%. 
 
Keywords:  stir bar sorptive extraction (SBSE); monolithic material; 
poly (2-(methacryloyloxy)ethyltrimethylammonium chloride-divinylbenzene);  
poly (acrylic acid-ethylene dimethacrylate); poly (methacrylic acid-3-sulfopropyl 















第 1 章 绪论 


































































图 1.1 SBSE 搅拌棒的结构示意图 
Fig.1.1 Schematics of stir bar for SBSE 
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